. We found that smoking was the prior cause of COPD. A1AT deficiency is not prevalent in our population subset but certain other genes could be the attributable factor for COPD.
INTRODUCTION
One of the most significant breakthroughs in the field of chronic obstructive pulmonary disease (COPD), in the past 30 years was the discovery of a close association between an inherited deficiency of a protein in the blood called the Alpha-1-antitrypsin (AAT). It is the only known genetic disorder that leads to COPD. AAT deficiency *Corresponding author. bgunni@rrljorhat.res.in or bgunni@yahoo.com. Fax: 0376-2370011 or 2370315.
Abbreviations: AAT or A1AT, Alpha-1-antitrypsin; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; FVC, forced vital capacity. accounts for less than one percent of COPD in USA (ATS, 1995) . This deficiency is an autosomal hereditary disorder in which there is low level of AAT in serum and lung, with a high risk of development of panlobular emphysema in the third to fifth decade. The enzyme is synthesized and secreted by the hepatocytes and to a lesser extent by the mononuclear phagocytes, and then is released in to the blood from which it then diffuses in to the lungs (Crystal et al., 1990) . AAT is a glycoprotein coded for by a single gene on chromosome 14; it is a serine protease inhibitor with primary function of inhabiting neutrophil elastase. Emphysema results from an imbalance between the neutrophil elastase in the lung and the anti-elastase. While the former has the capability of destroying elastin and other tissue components, the later is responsible for protecting the lung from elastase. This concept is known as the "elastase -anti elastase balance hypothesis of emphysema." The concept has been proved both in humans and animal experiments. According to the theory, either an excess of protease or a deficiency in the amount of functional activity of antiprotease or both can lead to the development of emphysema.
At least 75 alleles of the AAT gene have been identified (Guidelines for the approach to the patient with severe hereditary AAT deficiency, 1995) and categorized in to the protease inhibitor (PI) system.
The normal and deficient AAT alleles are designed from A to Z on the basis of their electrophoretic mobility. The families of normal AAT alleles are referred to as M (M1, M2, and M3) and are found in approximately 90% of the population. The most deficient allele associated with emphysema is the Z allele .The AAT phenotype, therefore, is made up of the two parental alleles and is referred to as Pi phenotype. AAT variants are inherited as codominant alleles. The most common phenotype is PiMM (PiM2M3) and the most common deficient phenotype associated with a high risk for the disease is PiZZ. The specific mutations responsible for many forms of AAT deficiency have been identified. The abnormal Z allele is associated with replacement of glutamic acid by lysine at position 342 as a result of a single base mutation from GAG to AAG. This substitution results in alteration of the three dimensional configuration of the molecule, thus it aggregates in the rough endoplasmic reticulum of the hepatocyte and consequently a decreased secretion of AAT occurs from the liver to about 15% of the normal (Weinberger et al., 1993; Crystal et al., 1990) .
Epidemiological studies indicate that a threshold value of 11αM or about 35% of the average normal level is sufficient to protect the lungs. It follows therefore, that individuals who are at greater risk are PiZZ homozygotes, the null homozygotes, and, occasionally PiSZ heterozygotes. Severe AAT deficiency lead to premature emphysema of the panacinar type with more severe affection at the bases, and is often associated with chronic bronchitis and occasionally with bronchiectasis (Snider et al., 1989) . Individuals with a PiZZ phenotype who smoke cigarettes are at increased risk, therefore becoming symptomatic earlier with dyspnea occurring at a median age of about 40 years. Smokers with AAT deficiency and COPD will have a life expectancy that is approximately 10 years less than the nonsmokers with this condition. Severity of lung disease varies considerably. Patients, who are detected on population surveys, only live longer to the age of 80 or 90 years. Airflow obstruction occurs more in men. Other risk factors are asthma, recurrent respiratory infections and familial factors (Silverman et al., 1989) .
Many Indian studies have tried to examine the role of AAT deficiency in the causation of COPD and is summarized by Malik et al. (1977) . The heterozygote state (intermediate) was found to be 10.3 to 23.3% and homozygous (severe) state in 2.8 to 20% of cases of COPD. The present study was undertaken at Jorhat, Assam, to screen the A1AT gene for carriers of ZZ allele, in individuals with COPD against controls.
Study design
The study included hospital based age and sex matched, a 100 cases of COPD and 100 controls without COPD recruited from Christian Medical Centre, Jorhat , Assam. These cases were recruited from February 2009 to December 2009. Data was abstracted from the medical records of participants regarding the diagnosis of COPD based on pre and post bronchodialator spirometry, radiological examination, history of smoking and occupational exposure. Informed consent was taken from all the individuals participating in the study. The study was carried out at CSIR (NEIST), Jorhat after ethical clearance from Institutional Ethics Committee NEIST, Jorhat.
MATERIALS AND METHODS

Diagnosis and inclusion criteria of subjects
Altogether, 200 individuals (134 males and 66 females) were enrolled in our study. Spirometry was conducted with Spirometer (Model Schiller, USA) for each subject and the data for forced vital capacity (FVC) and forced expiratory volume in one second/forced vital capacity (FEV1/FVC) were recorded. Inclusion criteria comprises of the following symptoms: chronic airway symptoms and signs such as coughing, breathlessness, wheezing and chronic airway obstruction defined as FEV1/FVC of 70% and below, and an FVC of 80% of the predicted value. At the baseline, prebronchodialator spirometry was done for all the subjects. Then we tested for bronchodialator reversibility where each individual was first administered with four puffs of Metered dose inhaler (100 µg/puff) of Salbutamol. They were allowed to rest for 15 mins and post-bronchodialator spirometry was performed. Irreversible airflow limitation was confirmed when FEV1 was less than 12%. These persons were included in symptomatic COPD group. Prior to spirometry, we performed radiological examinations of these patients to rule out the existence of any structural lung disease. The criteria for selection of asymptomatic (Non-COPD) subjects were on the basis of non-existence of respiratory symptoms. The spirometry of these subjects was above 80% of the predicted value. Based on survey data and lung function analysis, the subjects were sorted as:
(a) Non-COPD (Smokers, n = 62 and non-smokers, n = 38) (b) COPD (Smokers, n = 78 and non-smokers, n = 22).
Blood sample collection
An amount of 3 cc of whole blood was drawn from each individual by venipuncture and stored in ethylene diamine tetra-acetic acid (EDTA) vials. The vials were stored at 4°C until DNA extraction.
DNA extraction and PCR amplification
Genomic DNA was extracted from whole blood using GeNei TM whole blood DNA extraction kit, Bangalore Genei, India. PCR amplification for carriers of ZZ allele for AAT gene was done by site directed mutagenesis PCR method as described by Tazellar et al. (1992) with slight modifications. Subsequently, restriction digestion was done to distinguish the normal MM allele from the mutant ZZ allele.
Forward primer: ATAAGGCTGTGCTGACCATCGTC Reverse primer: CTTTTCACCACTTAGGGTGGGTT All amplifications were started in a 50 µl reaction volume containing 25 µM deoxynucleotide triphosphate [dNTP (Bangalore GeNei, India)], 2 mM magnesium chloride (MgCl2)) (Bangalore GeNei, India), 20 pM of each primer synthesized by Sigma Aldrich (USA), 200 ng DNA, 2.5 U Taq polymerase (Sigma Aldrich , USA). An initial denaturation was carried out at 94°C for 10 min, amplification was carried out for 30 cycles, each cycle consisted of 2 min denaturation time at 94°C, 2 min annealing time at 52°C and 3 min extension time, at 64°C followed by a final extension of 10 min at 72°C.The PCR reaction was done in a thermal cycler (Applied Biosystems, USA, model 2720).
Restriction enzyme digestion and electrophoresis
10 µl of all the PCR products were then digested with Taq I (50 U) restriction enzyme (Sigma Aldrich, USA) diluted with 1x endonuclease buffer (Sigma Aldrich, USA) and volume made up to 20 µl. This digestion mixture was incubated at 65ºC for 2 h according to manufacturer's instructions. Finally, the digested products were analysed in a 3% agarose gel (Amresco Superfine Resolution Grade, USA) in 89 mM Tris-borate buffer containing 1 mM EDTA, pH 8.3 at constant 120 V for 1 h.
Sequencing of AAT gene
The PCR products, one each from COPD smoker, non-COPD smoker, non-COPD non-smoker and COPD non-smoker, were sequenced at Vimta labs, Hyderabad, India. The DNA sequencing samples were processed using ABI 3130 (4 capillary) or 3730 Xl (96 capillary) electrophoresis instruments. We have used EMBOSS needle (global) pairwise sequence alignment algorithm to find the mutation if any at the position Glu 342 GAG Lys AAG of the sequence.
Statistical analyses
Statistical analysis was carried out using chi-square test for categorical variables and students t-test for continuous variables. Data were tabulated and classified as per the age, sex, smoking and lung function status. Chi-square test with Yates correction was applied to test significant difference in the number between smoker and non-smokers, males and females amongst COPD and non-COPD subjects. Unpaired t-test was applied to test for significant difference in smoking (pack-years), age, and lung function amongst the COPD and non-COPD subjects.
RESULTS
Demographic observations
Detailed observations in demographic variables are Bhattacharjee et al. 209 shown in Table 1 
PCR and restriction enzyme analysis
PCR amplification showed characteristic 179 bp band (Figure 1 ) indicating the presence of homozygous 'MM' type in all the samples. On restriction digestion, a band was observed at 157 bp in all the samples. As such, there was no ZZ mutation in these subjects in their A1AT gene. Since all the samples were homozygous 'MM' type, our data did not fit the 'Hardy-Weinberg equation'. 
DISCUSSION
Amongst many risk factors of COPD, the genetic deficiency of A1AT attributed to ZZ type is the best documented reasons (Carp and Janhoff, 1978) . Phenotype M is the normal variant, phenotypes S and Z are the two most frequent abnormal variants (Hutchinson et al., 1998) . Calculated values of PiZZ prevalence are approximately, 1:1000 to 1:45,000 in Western and Northern Europe, 1:45,000 to 1:10,000 in Central Europe; and 1: 10,000 to 1:90,000 in Eastern Europe and in Southernmost and Northern areas of the continent. In the White population of USA, Canada , New Zealand, PiZZ phenotype prevalence ranges from 1: 2000 to 1:7000 individuals (Andolfatto et al., 2003) which suggests that the frequency of ZZ carriers are quite low in different parts of the world. The data of prevalence of COPD in Asian countries is patchy and the disease burden is high. Studies on COPD in the Indian population are very limited. There are very less data on genetic epidemiologic studies of AAT deficiency in countries like India; and thus it is essential to ascertain whether populations are at risk or not. Considering these aspects, the prevalence of COPD in a subset of Indian population was studied by us and presence of normal homozygous MM allele in all the categories individuals that were studied. The frequency of ZZ carriers of A1AT gene is rare as already documented (Carp and Janhoff, 1978; Hutchinson et al., 1998 and Andolfatto et al., 2003) and we also did not find any ZZ carriers in our study population. The impression that AAT deficiency is a rare disease has resulted into infrequent orders for the tests of AAT deficiency even for many white patients who complain of allergy, asthma or pulmonary problems. The findings on the prevalence of AAT deficiency worldwide are expected to affect the diagnosis of people with AAT deficiency by the medical community (Serres et al., 2003) . In this study, we found that the lung function was significantly declined in both COPD smokers (t = 18.37, df = 138, p = 0.006) and COPD non-smokers (t = 13.59, df = 58, p = 0.001) compared to non-COPDs. 
218 CATCCCTGGCCCCCTCCCTGGATGACATTAAAGAAGGGTTGAGCTGG 264 Smoking itself is documented to be one of the risk factors for COPD and interestingly only 10 to 15% develop clinical symptoms of COPD (Hogg et al., 2004) .
There was a significant association of smoking towards the occurrence of COPD [X 2 = 6.10, p = 0.01, OR = 2.17(1.12-4.25)]. The COPD smokers were found to have higher number of pack years of smoking (t = 11.99, df = 138, p = 0.003); and were 2.1 times at higher risk to In the entire study, it was found that smoking was the prior cause of COPD and A1AT deficiency is not prevalent in the population subset. In addition to this, our study reveals that other genes besides A1AT (ZZ type) could be responsible for the prevalence of COPD.
